This study uses a time-dependent photochemical box model to examine photochemistry over the South Pacific during the two PEM-Tropics campaigns and, in particular, to identify seasonal characteristics of the 03 budget based on the in situ information from the wet and dry seasons. A description of the observational database used in this study and a discussion of observed chemical features is presented in section 2. Section 3 describes the time-dependent box model and the modeling approach. The presentation and discussion of results is in section 4, which includes model-to-measurement intercomparisons of HOx (HOx = OH +HO2) and NOx, and discussions of the photochemistry of HOx, NOx, peroxides, and 03. The major conclusions of this study are summarized in section 5.
Observational Database and General Features
During the two PEM-Tropics campaigns, measurements of a suite of chemical species were obtained from the DC-8 aircraft.
The DC-8 has a nominal ceiling of 12 km, and flight paths during the two campaigns spanned from 150øE to 90øW in longitude over the equatorial Pacific. DC-8 flight paths over the area of interest for this study during both campaigns are shown in Figure   1 .
Measurements from the DC-8 for both missions include NO, NO2, PAN, HNO3, CO, 03, peroxides, hydrocarbons, and several other species as well as measurements of physical parameters such as temperature, humidity, altitude, aerosol number and size distributions, and the spectral actinic flux. During PEM-Tropics B, additional measurements of the critical photochemical species OH and HO 2 are also available [ Tan et al., 
this issue]. Details on the instruments and measurements obtained during PEM-Tropics A are given by Hoell et al. [ 1999] and by Raper et al. [this issue]
for PEM-Tropics B. In this study, we focus on seasonal differences in the photochemical environment of the tropical and the southern subtropical Pacific from 10 øN to 30 øS as implied by data from the two campaigns. All data presented here have been merged into 1-min averages for modeling and analysis purposes, as described by Schultz et al. [1999] . General regional characteristics over tropical (10øN-10øS) and southern subtropical (10ø-30øS) latitudes for each campaign are listed in In constructing median observations from a data set such as for soluble species is from Logan et al. [ 1981 ] . A detailed listing of reactions and rate coefficients is included in the appendix given by Crawford et al. [ 1999] . Model calculations are based on the 1-min merged data set described previously and are constrained by observations of O3, CO, NO, NMHCs, acetone, temperature, dew/frost point, and pressure. Because the model analyses are critically dependent on the availability of these constraining species, only a subset of the full data merge can be used. Thus gaps of missing NMHC and acetone data are interpolated across data gaps of less than 5 min. Otherwise, NMHC gaps are filled with altitude-dependent median values. In addition, these analyses were limited to conditions with solar zenith angles less than 75 o, and data that were clearly stratospheric were eliminated. For PEM-Tropics B, 3048 points, or 45%, ofthe 1-min merged points within the 10øN to 30øS latitude range are analyzed. For PEM-Tropics A, 2477 points, or 43%, of the merged points within the latitude range are used. Table 1 includes the number of the merged data points utilized within the tropics (10øN-10øS) and southern subtropics (10 ø-30 øS) for each campaign.
In addition to the critical constraining species described above, model calculations are also constrained by H202, CH3OOH, HNO;, PAN, CH3OH, and C2HsOH when measurements are available; otherwise, these species are calculated by the model. With the exception of NO, constraining parameters are assumed to remain constant over the diurnal cycle. NO is allowed to vary diurnally; however, total short-lived nitrogen (NO+NO2+NO3+2N2Os+HONO+HNO4) is held Subsequent analysis of this subset of data could result in a significant overestimate for the rate of boundary layer NO• formation via PAN thermal decomposition relative to more typical conditions. To illustrate, for the PEM-Tropics B data considered in this study, only 27 points contain PAN data greater than LOD in the boundary layer, with a median concentration equal to 2 pptv. The median calculated F/L ratio for these points is 7.3. When we expand the data set to also include points where PAN was measured at LOD (115 additional points), the median F/L ratio drops to 1.2. Note that for these additional points, PAN concentrations are predicted by the model. We acknowledge that the use of F/L as an assessment of steady state conditions without constraining a primary source species such as PAN to observations is not meaningful, but the difference in the predicted median F/L highlights the extent of the impact of limiting the subset of data to points where PAN was measured larger than LOD. We submit that a complete assessment of the NOx budget Formation of PAN as a loss of NO• is corrected to account for the internal cycling of CH3CO3 and PAN as described bydacob et al. [1996] . Over the subtropics during March (PEM-Tropics B), the relative contribution from HNO3 formation is lower than that during September (PEM-Tropics A), allowing the percentage contribution from PAN formation to nearly double from 15-25% during PEM-Tropics A to 30-40% during PEM-Tropics B (Figures 11 c and 11 d) . This difference is primarily driven by the higher concentrations of OH over the subtropics during September (PEM-Tropics A), which increases the relative rate of nitric acid formation during PEM-Tropics A by 20-30% in the B (20ø-30øN) 5.83 TRACE-A (tropical Atlantic) A (0ø-10øS) 1.36 PEM- Tropics A (10ø-30øS) 1.82 PEM- Tropics A (10øN-10øS) 1.43 PEM- Tropics A (10ø-30øS) 1.89 PEM- Tropics B (10øN-10øS) 1.10 PEM-Tropics B (10ø-30øS The NO3+DMS nighttime NOx loss competes with the nighttime NO3 and N20 s loss reactions with aerosol. To determine the ultimate impact of including the NO3+DMS reaction in models, a box model simulation was run using median observed conditions below 1 km over the PEM-Tropics A subtropics. The base simulation included the median observed DMS and the associated nighttime destruction of NO x, while a sensitivity simulation excluded this reaction. The ultimate impact of excluding the NO,+DMS reaction was a 25% decrease in the total NO x destruction at 1 km and a 15% decrease at 2 km. Similar results were achieved using the data from alternate latitudes and seasons. The NO3 and N20 s nighttime loss reactions with aerosol increased only slightly in partial compensation for excluding the NO3+DMS reaction. Thus we conclude that for remote, low NOx, marine conditions such as found during the PEM-Tropics campaigns, the nighttime loss of NO x to DMS in the boundary layer can be significant, contributing up to between 20 and 30% of the total NO x loss at those altitudes. Table 2 lists the integrated 0-12 km column 0 3 tendency terms for several previous studies of tropical or subtropical areas, along with the median regional tendencies calculated in this study. All of the tropical and subtropical regions listed in Table  2 The seasonality of the integrated net 03 tendency over the tropics was shown to be a 50% increase in the net loss from March to September (Table 2) consistent with those reported in Table 2 to within better than 10%, and the net tendency terms agree to within better than 3%. Table 2 indicate that while the integrated net 03 loss is only slightly larger during PEM-Tropics A, the gross formation more than doubles while the gross destruction increases by 60%. Figures 13a and 13b show the gross 03 formation and destruction as a function of altitude for the subtropical regions. Most of the increased gross destruction from March to September is located in the lowest several kilometers, and is consistent with the larger abundance of 03 during PEM-Tropics A. Alternately, the increase in the gross formation is spread throughout the troposphere above the boundary layer (2 km). The increased overhead column 03 over the subtropics during PEM-Tropics A (September) is also a factor in the variance in efficiency, particularly at altitudes near the surface. Table 1 shows an increase in total overhead 03 over the subtropics of 20 DU from PEM-Tropics B (March) to PEM-Tropics A (September). Much of this total 03 increase is likely to be due to increases in the troposphere; the aircraft data indicate a seasonal tropospheric 03 increase of 16 DU (see Table 1 Thus the higher net 03 losses during PEM-Tropics A over both the equatorial and southern subtropical Pacific are primarily driven by higher concentrations of 03 during this time period. The seasonality in the column net loss rate is somewhat buffered over the subtropics, however. While this is partially due to the increased 03 formation during PEM-Tropics A, the lowered seasonality is largely affected by the decreased ability of the subtropical troposphere to destroy 03; the gross destructive efficiency is -30% lower during PEM-Tropics A due to the drier conditions relative to PEM-Tropics B. Therefore it can be argued that seasonal differences in the 03 budget predicted using data from these two campaigns may be minimized.
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